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Computational Methods 
 
Density functional theory calculations were performed in Gaussian 09. 1  Geometry 
optimizations were performed with the M06-2X functional2 and the 6-31G(d) basis set, using 
the SMD implicit solvent method3 to model dichloromethane solvent. Vibrational frequency 
calculations at this level were performed to characterize stationary points as energy minima 
(ground states) or first-order saddle points (transition states), and to obtain thermochemical 
quantities. Further details about the procedures used for locating individual transition states 
are given below. Single-point energies were subsequently calculated with M06-2X/6-
311+G(d,p) in SMD dichloromethane. Gibbs free energies in solution were calculated by 
adding the 6-31G(d) thermochemical corrections to the 6-311+G(d,p) electronic potential 
energies, and are reported at a standard state of 298.15 K and 1 mol/L.  
 
Optimized Cartesian coordinates are listed below, along with the following energies (all in 
Hartree): 
 
E: M06-2X/6-31G(d)-SMD potential energy plus solvation energy in dichloromethane at 0 K 
H: M06-2X/6-31G(d)-SMD enthalpy in dichloromethane at 298.15 K  
G: M06-2X/6-31G(d)-SMD Gibbs free energy in dichloromethane at 298.15 K and 1 mol/L  
ELBS: M06-2X/6-311+G(d,p)-SMD single-point potential energy plus solvation energy in 
dichloromethane at 0 K  
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Optimized Coordinates and Energies 
 
In each of the structures below, the R group is CH2OAc. 
 
Oxocarbenium ion 31 
 
C   -1.651532    0.505031    0.255937 
C   -1.303909    2.000085    0.400083 
C    0.216773    2.215097    0.244817 
C    0.977788    0.915701    0.000028 
O    0.271717    0.164873   -1.079985 
C   -0.963161   -0.006690   -0.951792 
O   -3.047028    0.334340    0.170043 
C   -3.447765   -0.969050    0.116180 
O   -2.637839   -1.859188    0.017667 
C   -4.933127   -1.093688    0.186501 
H   -1.662624    2.320519    1.378642 
H    0.419391    2.894318   -0.587692 
C    2.384776    1.119102   -0.510988 
O    3.038913   -0.122996   -0.743514 
C    3.500148   -0.763746    0.356935 
O    3.331278   -0.334060    1.472806 
C    4.215066   -2.027252   -0.012420 
H   -1.245394   -0.048090    1.116131 
H   -1.854061    2.549627   -0.366169 
H    0.640435    2.657717    1.148937 
H    0.960958    0.250896    0.867528 
H   -1.464968   -0.473990   -1.798550 
H   -5.279690   -0.717589    1.153327 
H   -5.390107   -0.481864   -0.595714 
H   -5.216572   -2.138230    0.066799 
H    2.932664    1.718147    0.221212 
H    2.367193    1.636758   -1.472099 
H    5.071910   -1.789351   -0.648813 
H    4.549601   -2.534346    0.891496 
H    3.544588   -2.675811   -0.582852 
0 imaginary frequencies 
E = -765.728561 
H = -765.459909 
G = -765.519464 
ELBS = -765.955644 
 
 
Acyloxonium ion 32 
 
C    2.141284    0.677013   -0.975353 
C    2.029868    1.938373   -0.146452 
C    1.004127    1.714018    0.961323 
C   -0.373829    1.470098    0.350399 
O   -0.317123    0.783944   -0.927167 
C    0.757555    0.045582   -1.253416 
O    2.822690   -0.352707   -0.175403 
C    2.006133   -1.306664    0.092659 
O    0.839005   -1.210302   -0.409902 
C    2.396642   -2.420842    0.969164 
H    1.712241    2.748895   -0.810755 
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H    1.308537    0.870246    1.596397 
C   -1.293941    0.692722    1.273718 
O   -2.586142    0.577624    0.682196 
C   -2.851432   -0.554720   -0.006691 
O   -2.087212   -1.485354   -0.082557 
C   -4.212225   -0.482438   -0.636531 
H    2.730258    0.788424   -1.883797 
H    3.014022    2.196951    0.251170 
H    0.942393    2.586191    1.615662 
H   -0.841761    2.425292    0.098715 
H    0.625676   -0.322074   -2.269170 
H    1.783540   -3.295416    0.753556 
H    3.459803   -2.630994    0.845826 
H    2.218245   -2.099663    2.003080 
H   -1.422924    1.248870    2.205619 
H   -0.889768   -0.299540    1.489309 
H   -4.426470   -1.417394   -1.152849 
H   -4.967249   -0.295075    0.131572 
H   -4.241383    0.350791   -1.344578 
0 imaginary frequencies 
E = -765.756029 
H = -765.486151 
G = -765.539992 
ELBS = -765.977717 
 
 
Methanol 
C    0.047582    0.659135   -0.000000 
H    1.091846    0.981222    0.000000 
H   -0.440467    1.075736    0.891190 
H   -0.440467    1.075736   -0.891190 
O    0.047582   -0.755354    0.000000 
H   -0.877056   -1.044672   -0.000000 
0 imaginary frequencies 
E = -115.659779 
H = -115.603611 
G = -115.627561 
ELBS = -115.709975 
 
 
TS1 
 
Transition state TS1 for the cyclization of oxocarbenium ion 31 giving acyloxonium ion 32 
was not located as a first-order saddle point. Instead, the energy profile for this ring closure 
was studied by means of a relaxed scan along the C1–O(Ac) bond of 32 (corresponding to the 
reverse reaction, i.e. ring opening of 32 to 31). The scan was performed at the M06-2X/6-
31G(d) level of theory in the gas phase. Figure 1 shows a plot of G (relative to the ring-
opened cation) versus C…O distance. The structure with a C…O distance of 2.83 Å represents 
the fully ring-opened cation 31. The transition state for ring closure of 31 (TS1) is taken as 
the maximum in the plot, which occurs at a C…O distance of 2.74 Å and lies only 1.0 kcal/mol 
higher in energy than 31. 
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Figure S1. Plot of relative free energy versus C1…O(Ac) distance corresponding to the ring 
opening of acyloxonium ion 31 giving oxocarbenium ion 32. 
 
 
TS2 
 
TS2 was fully optimized as a first-order saddle point, and was characterized by means of an 
intrinsic reaction coordinate calculation. 
 
O    1.126765   -1.533082   -1.039864 
C    0.692505    0.729128   -0.432371 
C    1.981446    0.598017    0.373731 
O    2.842806   -0.435002   -0.128005 
C    2.307381   -1.486620   -0.771465 
O   -0.465140    0.457161    0.012181 
C   -0.717706   -0.019112    1.387564 
C    0.530459   -0.582766    2.033123 
C    1.684260    0.398178    1.850850 
C   -1.836658   -1.027415    1.246381 
O   -3.009250   -0.386117    0.752881 
C   -3.306658   -0.551449   -0.558784 
C   -4.551992    0.207443   -0.913545 
C    3.333803   -2.522492   -1.099052 
O   -2.649582   -1.226186   -1.310500 
H    1.418580    1.370722    2.279314 
H    0.768916   -1.561954    1.603423 
H    2.547884    1.514150    0.208553 
H    2.594920    0.050097    2.343046 
H    0.313958   -0.730128    3.094500 
H   -1.070061    0.872001    1.916210 
H    0.730805    0.931965   -1.499717 
H    2.868586   -3.329478   -1.662711 
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H    4.139472   -2.067132   -1.681057 
H    3.765437   -2.908876   -0.171603 
H   -2.078143   -1.420817    2.236630 
H   -1.535753   -1.840593    0.582625 
H   -4.773250    0.071760   -1.971392 
H   -5.386875   -0.154049   -0.306841 
H   -4.413166    1.269100   -0.691370 
O    0.651956    2.812534   -0.064028 
C    1.246584    3.592902   -1.109604 
H    1.258176    4.647449   -0.824204 
H    2.273801    3.241678   -1.224373 
H    0.707643    3.465323   -2.052645 
H   -0.291916    3.049438   -0.000669 
1 imaginary frequency 
E = -881.408170 
H = -881.081542 
G = -881.148502 
ELBS = -881.678723 
 
 
TS3 and TS4 
 
 
 
 
Transition states TS3 and TS4, corresponding to the attack of methanol on the top and 
bottom faces of oxocarbenium ion 31, respectively, were not directly located. Instead, energy 
profiles for the attack of methanol on 31 were obtained by means of relaxed scans along the 
forming C–O bond, as performed at the M06-2X/6-31G(d)-SMD level of theory (Figure S2). For 
both directions of attack, the plots do not provide definitive characterization of a TS. At C…O 
distances between 1.9 and 2.7 Å, the energy profiles are close to overlapping; at distances of 
2.9 Å and above, the energy profile for bottom-face attack rises more steeply than that for top-
face attack, where the two curves are separated by 3–4 kcal/mol, while the plots converge 
again above 4 Å. Although these results do not allow a quantitative prediction of the / 
selectivity, they do suggest that there may be a kinetic preference favoring the  isomer (top 
face attack), possibly amounting to a few kcal/mol. The structures at C…O distances of 3.1 Å 
are taken to approximate the transition states TS3 and TS4. 
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Figure S2. Plots of relative free energy versus C1…O(MeOH) distance corresponding to the 
addition of MeOH to the top and bottom faces of the oxocarbenium ion 31. Free energies are 
calculated relative to separated 31 plus methanol. 
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13C NMR spectrum of 1,2,4,6-O-tetra-O-acetyl-3-O-benzyl-L-idopyranose (2) 
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13C NMR spectrum of 2,4,6-tri-O-acetyl-3-O-benzyl-L-idopyranose (4) 
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13C NMR spectrum of 2,4,6-tri-O-acetyl-3-O-benzyl-L-idopyranosyl chloride (5)
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13C NMR spectrum of methyl 2,4,6-tri-O-acetyl-3-O-benzyl-a-L-idopyranoside (6) 
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13C NMR spectrum of 4,6-di-O-acetyl-3-O-benzyl-1,2-O-methoxymethylidene-b -L-idopyranose (7)
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13C NMR spectrum of 2,4,6-tri-O-acetyl-3-O-benzyl-α-L-idopyranosyl trichloroacetimidate (8)
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13C NMR spectrum of ethyl 2,4,6-tri-O-acetyl-3-O-benzyl-1-thio-L-idopyranoside (9)
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13C NMR spectrum of phenyl 2,4,6-tri-O-acetyl-3-O-benzyl-1-thio-L-idopyranoside (10) 
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1H NMR spectrum of 1,6-anhydro-2-O-benzoyl-3-O-benzyl-b-L-idopyranose (11)
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13C NMR spectrum of 1,6-anhydro-2-O-benzoyl-3-O-benzyl-b-L-idopyranose (11)
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1H NMR spectrum of phenyl 2-O-benzoyl-3-O-benzyl-1-thio-a-L-idopyranoside (12) 
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13C NMR spectrum of phenyl 2-O-benzoyl-3-O-benzyl-1-thio-a-L-idopyranoside (12) 
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1H NMR spectrum of  1,6-anhydro-2-O-benzoyl-3,4-di-O-benzyl-b -L-idopyranose (13)
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1H NMR spectrum of phenyl 2-O-benzoyl-3,4-di-O-benzyl-1-thio-a-L-idopyranoside (14) 
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13C NMR spectrum of phenyl 2-O-benzoyl-3,4-di-O-benzyl-1-thio-a-L-idopyranoside (14) 
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1H NMR spectrum of  methyl (phenyl 2-O-benzoyl-3,4-di-O-benzyl-1-thio-a-L-idopyranosid) uronate (15)
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13C NMR spectrum of methyl (phenyl 2-O-benzoyl-3,4-di-O-benzyl-1-thio-a-L-idopyranosid) uronate (15)
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1H NMR spectrum of methyl (methyl 2-O-benzoyl-3,4-di-O-benzyl-a-L-idopyranosid) uronate (16)
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13C NMR spectrum of methyl (methyl 2-O-benzoyl-3,4-di-O-benzyl-a-L-idopyranosid) uronate (16)
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1H NMR spectrum of phenyl 2-O-benzoyl-3,4-di-O-benzyl-6-O-tert-butyldimethylsilyl-1-thio-α-L-idopyranoside (17)
S36
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1H NMR spectrum of  methyl 2-O-benzoyl-3,4-di-O-benzyl-L-idopyranoside (18) 
S37
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13C NMR spectrum of methyl 2-O-benzoyl-3,4-di-O-benzyl-L-idopyranoside (18) 
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1H NMR spectrum of Methyl 2-O-benzoyl-3-O-benzyl-L-idopyranoside (20)
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13C NMR spectrum of methyl 2-O-benzoyl-3-O-benzyl-L-idopyranoside (20)
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1H NMR spectrum of 4’-Methyphenyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-1-thio-a-L-idopyranoside (19)
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13C NMR spectrum of 4’-Methyphenyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-1-thio-a-L-idopyranoside (19)
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1H NMR spectrum of Methyl-2-O-benzoyl-3-O-benzyl-b -L-idopyranoside (20)
S43
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13C NMR spectrum of Methyl-2-O-benzoyl-3-O-benzyl-a-L-idopyranoside (20)
S44
1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
f1 (ppm)
3.
1
2.
6
3.
1
1.
1
1.
0
2.
2
2.
1
1.
0
1.
0
1.
0
1.
0
1.
0
5.
2
2.
2
1.
0
2.
1
3.43.53.63.73.83.94.04.14.24.34.44.54.64.74.84.95.05.15.25.3
f1 (ppm)
1H NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-b -L-idopyranoside (21)
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13C NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-b -L-idopyranoside (21)
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1H NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-a-L-idopyranoside (21)
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13C NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-a-L-idopyranoside (21)
S48
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1H NMR spectrum of Methyl 2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-a-D-glucopyranoside (22)
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13C NMR spectrum of Methyl 2-azido-3-O-benzyl-6-O-benzoyl-2-deoxy-a-D-glucopyranoside (22)
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1H NMR of Disaccharide 23
S51
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13C NMR of Disaccharide 23
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1H NMR of 4’-Methyphenyl 3-O-benzyl-4,6-O-isopropylidene-2-O-pivaloyl-1-thio-a-L-idoside (24)
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13C NMR of 4’-Methyphenyl 3-O-benzyl-4,6-O-isopropylidene-2-O-pivaloyl-1-thio-a-L-idoside (24)
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1H NMR spectrum of Methyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (25)
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13C NMR spectrum of Methyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (25)
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1H NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (26)
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13C NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (26)
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1H NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-b -L-idoside (26)
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13C NMR spectrum of n-Butyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-b -L-idoside (26)
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1H NMR spectrum of Isopropyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (27) 
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13C NMR spectrum of Isopropyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-a-L-idoside (27)
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1H NMR spectrum of Isopropyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-b -L-idoside (27) 
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13C NMR spectrum of Isopropyl 2-O-benzoyl-3-O-benzyl-4,6-O-isopropylidene-b -L-idoside (27) 
S64
0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5
f1 (ppm)
3.
9
9.
3
2.
4
2.
1
1.
0
1.
0
1.
0
2.
0
1.
0
1.
1
1.
0
1.
0
1.
0
1.
0
4.
7
3.23.33.43.53.63.73.83.94.04.14.24.34.44.54.64.74.84.95.0
f1 (ppm)
1H NMR spectrum of n-Butyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-a-L-idoside (28)
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13C NMR spectrum of n-Butyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-a-L-idoside (28)
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1H NMR spectrum of n-Butyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-b -L-idoside (28)
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13C NMR spectrum of n-Butyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-b -L-idoside (28)
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1H NMR spectrum of i-Propyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-α-L-idoside (29)
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13C NMR spectrum of i-Propyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-α-L-idoside (29)
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1H NMR spectrum of i-Propyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-b -L-idoside (29)
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13C NMR spectrum of i-Propyl 3-O-benzyl-2-O-pivaloyl-4,6-O-isopropylidene-b -L-idoside (29)
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